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Functional aurtaca* for chamlcal reactiona and procaaa for th9 praparatlon tharaof 



(57) The invention concerns a solid phase surface 
structure and a process tor preparing such a structure. 
The surface slnjcture comprises functiof^l groups on 
the surface of a substrate. The species of a raactant ted 
in gas or liquid phase is bound at least temporarily to 
said groups due to the interaction between said species 
and said functior^i group during a chemical reaction. 
According to the inversion esaanttaDy all o^ the function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrate, the 
surface binding sites being so far from the sufface o< the 
substrate that the surface gH the substrate does not have 
any significant influerKe on the interaction between the 
surface binding sHes and the raactant species. The 
tunciionalized surtaca structuras can be provided by re- 
acting an inorganic oocide support with a compourxi or 



formula (t) 



R^AX^ 



(I) 



wherein A is silicon, tin, germaniwri or carbon, R^ la a 
hydrocarbon group and is a functional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con- 
ditions and the reaction is continued until essentially all 
of the hydroxy* groups of the inorganic surface have re- 
acted under surface bond aeleclive corKjitions. By 
means of the invention functiorialized surfaces are pro- 
vided which can be used for chromatographic applica- 
tions and as catalyst supports. 
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The present invention concerns a tunclionalized surlace structure according to the preamble of claim i (or carrying 
out chemicai reactions dormg v^ich the species of a reactant fed in liquid or gas phase is bound to the functional 
5 groups of the surface structure due to interaction between the groups and the species. 

The invention also concerns a process according to the preambte ol claim 11 for preparing functionalized surlace 
structures. 

In the context of the present invention, the term f unctionatized surface suucture' is used to refer to a solid substrate 
with functional groups bound thereto, the functional groups being capable of reacting with the species of the reactant 
10 fed n liquid or phase, that is. with rDolecules. ions, or chemical con»pounds. Functional surfaces are used in. e.g., 
chromatography and adsorption mass applications whereby desired chemical species, such as metals or solvent mol- 
ecules, are at least tempofarity bound to the functional groups ol the surlace structure from the sample examined. 

The above definition of functionalized surface structures a^ covers supports ol heterogeneous catalysts which 
typically comprise an ^organic oxide whereby a calalyiicatty active metal or metal compound may be bound to the 
r5 surface functional groups, e.g.. hydroxyl groups, of the inorganic oxide, in order to obtain a catalyst. An important 
advantage provided by the thus prepared heterogeneous catalysts over homogeneous catalysts, i.e . catalysts soluble 
in the reaction medium, consists in easy processabiliiy (purification, activation, etc.) ol the catalyst. However, a disad- 
vantage may be considered to lie therein that the support material olten aflects the catalyzed reaction; the catalytic 
properties ot the transiSbn metal and the carrier are many times even impoesible to tell apart. Thus, the homo- and 
20 copofymerization of, e.g.. ethylene and other 1 -olefins with heterogeneous Ziegler-NatU catalysts wiH. due to the effect 
of the support, provide polyolefins with a broad rrxjlecutar weight distribution {> 4 to 5). whereas homogeneous catalysts 
will provide a rtarrow molecular weight distribution. 

Problems may also arise ri the case of other functional surfaces when boih original surface groups and new 
functional groups bound to the surlace are present in the surface structure. In addition to the fact that the groups will 
M be in competition with each other for the binding of chemical species, impurities such as water rrwlecules bound to the 
origtfial surface groups may impair and interfere with the operation ol the functionabzed surtace in, e.g.. adsorption 
mass applications. The sensitivity of chronrwiographic separatiorVtosay is reduced if the chromatosubstrate compheea 

groups with different affinities. These will easily produce the so called tailing effect 

The purpose of the present invention is to eliminate the drawback* hanr^pering the prior art and to acconplish a 
» functionalized surface structure characterized by easy processability and handling of conventional solid^)hase surfac- 
es, whereby, however, the lurKtional properties of the structure are determined exclusively or at least nr»inty on the 
basis of functional groups separately bonded to the surface. The invention also aims at providing a process for the 
preparation ol such surface structures. 

The nvention is based on the concept of heterogenization of the functionai groups, i.e., they are attached from 
35 phase onto a solid support by using bridgirtg groups which can be bound to the surtace of the support with covalent 

bonds or other stable bonds and which are of a size rendering the f urctional influence of the functional groups inde- 
pendent ol the support surtace. 

The bridging compound used for the afore-described heterogenization preferably contains two functional groups, 
one at each end thereof, whereby one ol the furctional groups forms a bond (e.g. a covalent bond) with the surtace 
40 binding sites of the inor^ic surface (e.g. the hydroocyl groups or tensioned metal-oxygen-metal bridges of the surtace) 
and the c^er one is left free after the reaction for desired additional reactions. 

In particular the confounds ol the presented type are bound to all or essentialV all available surface binding srtes. 
mostly the hydroatyl groups, under surface bond selective conditions. 

More speciftcaiV, the solution acconiing to the invention is mainly characterized by what is stated in the charac- 
45 terizing part of daim 1 . 

The proceee according to the invention is. again, characterized by what is stated in the characterizing part ol claim 

The preeenl^wantionwai now be examined rnorectoeely with the he|>^ 
working examplea. 

so The rvention concern* eynthetlzation ol functional surfaces on inorganic surfaces, such as silicon oxide, aluminium 
oxide, titanium oodde, and other srniiaf supports, to provide 'a sott(H)haM surtace structure', in other words a structure 
wherein the substrate comprieae a aolid wAetance. In iU general lomn the invention comprises binding c« functional 
groups to a substrate v« a bridging group attached to the surtace atoms d said subetrate. whereby the functional 
groups are placed so far from the surface ol the eubstrate that said surtace does not have any significant influence on 

S5 the nteraction between the functional groups and the reactart species fed in liqud 

Thus, a support or a sinilar solid surtace is reacted under surtace bond selective conditions with a compound of 
formula (I) 
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R AX 



wnerein B' is a hydrocafboo res.due (el. the definition ol the group below). A is an atom capable ol formrg a bond 
w"h a surface at or youp o» surface atoris en the surface oT the suppon. and X- is a functional 9«up Pr.f«t>ly 

* " tS >^n. compound ^rSi'^r 

oxy^ metal bridges of the surface, whereby B^AX' is bound via the «(yg«i to th. r^J^^*^"^ 
ZTl^^eSUoirbon chain Bi fom» a lr.kTor bridge group to the outer ^ d whch any d«Mredl«nct«nal group 

nructur, can be attach^, once th. bridging 9«M»^«>e«'bou«^ 

For producing the bridge group bound to Ihe substrate a r«Ktant » pr^ty us«« ««tt«'^J*« ^^^^ 
gr JpT one of which forrr^a bond (e.g. a eovalent borxJ) with the surface >yra»^9 -tas (• » " 
t';"^s«icon^g«^-.»ic»«brldg..)o.me^rgank:surfaee,wh^»^^^^ 

««, >ta>irfid further reactions during which it forrrw the new surface bwamg sites for lha functional sunacas. Bew»««" 
treJ: fSctS io^^rs is abridge group which folates the groups .«m ««h «h.r. <" Pr-fjce. ^« 
bereenm^rtace bonding sites and tha surtacs atom, of th. substrata is at l«»t 20 nm. typeally mora. 

A compound of formula (II) 

X^B^AX^ <"> 

is preferably used, wherein X' and X* can be the same or different and they stand for a functional group or structure 

and R' and A have the same meaning as above. t._,i,r^.rtu3n <wflu> whkih 

The bridging group R' comprises h both cases typicaiy a ihear. branched or 
poss*; at le^st one het.roatom. Thus, the bridging group can ^'^^^fS^r 

possibly contains one hetero stem, such as sulphur, oxygen or nitrogen. The group d fom«la ^CH,V. '^•'^ ^ • 

SoH) e«e" (B^OoSr^i** (acbNHjfamine. (R-NH,). nitro compounds (R-NO,), ninles PC=N) and 
mS??BiH) mdSe Sffirias R stand. S hydroca*yl radical, typiealfy sa,um.«> or un.«urated. Nnear or 
branched hydrocarbon groups, such as C,^o a«tyl or a*enyf * S'^T . ^ ys^, ,„,omnjla (Ul) 

in the fom,ulas (I) and (II) the 9«>up -AX* preferabV corresponds to the l*n^ '^d^iTar oT^ 2 X3 
M is a tetravalent metal or semimetal. such as silicen. tm « g-'™""^ Z^^^VJ^^^ or 
is a group wheh is hydrofyzable when the tem^inal group reacts wrththe 

a lower ^kyl group. The tem^inal group anchors the bridge group to the surface o« the subetrate. Parteularly pretarreo 
terminal groups are the silanes represented by the lomiula (IV) 



sn' x' ^ 



KJ^S5!I^^»3[naphth^ and other corrasponding h.t««yel« r«>»ls (a* qu««oinyD ara 

examples ct parttutorty preferred bridge u . ™ ««, -t laast on. lunctlonal alia. U. . sita which Is 

Al the outer end ol the brMging compound ther. -a group wift a4lM^ 
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radicals and has the same meaning as above . «i .k* 

a particular importance among the above-mentioned functional structures and groups ara io, the purpose ol the 
pr.,«ni^>plicai»n. 6^*^g .tructures (e.g. the cyclopeniachene group, the «Jenyl group^the Huorene S-^^J^^^-^ 
w^^iwr^Tgated diene stto«u« is capable o. reacwg via a Diels-AWer reacton w,th compounds conta^mg 

5 HTbo^ «,portan, groups are th. cartoxylic acid, cart«xyl« anhydride, alcohol. 9-^^^ 
T>nutetrate o( thriunctional «.-1ace. should be stable at those temperature, (typealhr > 200 -C) •^.ere the 
bridge conpoond is itlached to its .urface. In particula. the «ub«raie is an inorganc "^'^^^^^l^^ 
c^J^oT^ dioxide (Silica), aluminium oxide, wlicon dioxide - ahimin.um oxKJe. synthetK: and r«U^ral ze^rtM 
^ Z^ium^es magnesium oxide, magnesium silicate, titanium oxide and zirtonwm oxide. The eurtace ol 

.0 Zl l^^l^f^^co^^^o,*^^ hydre-y. grups and metau^xygen^etal-bridges 

"*Srrm\"^.nSn^T«Srt.u.rVpre.e^^^ 

the above^tionad hydroxy! or bridge groups is reacted wrth a compound according to fomiula (V) 
»» b'ab' X* <^ 



20 



2S 



wAterein 

A is Silicon aem«nium tin or carbon, which is capable ol being bound to one. t*o or three surface oxygen atoms. 
Si » ai^^«bto functional group or a reactive chemcal structure ^ich brd. to A va a brxlg.ng group, 

S t fhS^^group v*,ich reacts with the hydroxy or metak«ygen-m.ta«.rid9es ol the «organ« oxide, and 
m is an integer 0, 1, or 2, 

When me compound ol fom,ula (V) react. w«h th. surtac. ol th. support it i. bourjd to the surface typically via 
one or two oxygen groupe. the group left on th. .urtac. ot the support having the formula \* 



or lomnuta Vb 



^^^^^J^.^^^^^»caa^t,<n^9 to at least one ol the Wlowrg meiab or a compound thereof: 

^^;io toS^lvi VA ;«?;/lVol periodic table, in particular chranium. hafnium, titanium and 
^X^iSS^ « it^ « b. bound to th. modr... .upport .imer from ga. phase o, from bqud 

support. wel a. for the preparttton ol omer functional surfaces W «n b. a 
.^T^S^JtS^iXinL x»beinganunsubrttut««or«<b.tltuledcyclepentad«ny»9ioup 

oracyclepantadie>iyHypagK«g.twa^^ 

isopropyl. n-butyl. iMbutyl and tert-butyt or any pentyi or hexyl group. 
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R< is a methylene chain contaning atJvantageousty 2 • 4 cartxjns (such as an ethylene, propylene or butylene 
chain). . 

X is selected from the group consisting ot aikyi (-R*). alkoxy (-OR«). cartoxylic acid (-OOCR*). amine (-NR^j) and 
chlorine (-CI). vMherein R5 represents an atitauc hydrocamon chain having 1 to lO carbon atoms X is advantageously 
s an aOcoxy (-OR*), carboxytic acid (-OOCR*). amine {-^^^2) ^ chtorine (-Cl). ^r^^ ^ represents an elifatic hydro- 
carbon chain having 1 to 10 carbon atoms. X is preferably methoxy or ethoxy When the above-mentioned silane 
compound reacts with an »>organic oxide, the bond between the silicon atom and the group X* is replaced by a bond 
between an inorganic cocnpound and the srticon atom. Methoxy and ethoxy are particularty preferred c« the X* groups 
and they form eihanol or methanol when they react with water or with the hydroxyl groups o< tfie inorganic surface. 
10 Because chlorosilanes form hydrochloric acid as a side-product they are less preferred. 

The silane compound mentioned in the examples bebw^ (EtO)3Si(CH2)3Cp, it a good bridging wrr^ound between 
a transition metal or a functk«l group which are to be bound to a support an^^ 

eurlace, such as silica and ahirrtrium oxide. The methylene chain bet¥i«en the silicon atom and the cyctopentadienyl 
group also poterrtiaMy softens the heterogeneous character o< the inorganic ootidee. 

ts The process accordrg to the present invention is advantageously carried out under surface-bond-eelectlve reac- 
tion conditions. In the context of the present invention, this term means that the reactant is attached in vapour phase 
to the surface of a solid material (inorganic oxide) under conditions in which the properties d the >urta^ determine 
the amount of reactant bound to the surface. The preparation of catafysU under surfac»*ond-eelective conditions is 
described, e.g., in Fl Pat. Noe. 64562 and 87892. 

20 In the present method, the suitable reagent is bound in vapour phase to the support Tha reagent is evaporated 
sepa^ely from the support and the vapourized reagent is taken to a reaction chamber, wherein K is reacted with an 
inorganic oxide corr^wund aciinig as the support During the reaction, the support is maintained at a temperature which 
is above the vapour cortdensation temperature, and stmuliarieously, so high that the minimum thermal activation erwrgy 
necessary for the formation of chemical bonds between the heterogenizing compound and the surface bond sitee of 

ss the support, is attained Ghus accorrplishing the chemisorption of the heterogenizing compound). Through this tech- 
nique, a support suitable tor bonding the transition metal is achieved. 

By the present process the linking agent, e.g. a silane compound, can be attached directly by a gas phase raactkan 
to a support without any difficult hydroiyzalion step lor alkoxysilanee and^ use of organic solvents, ky tM present 
surface bond selective method, after the reaction the compound is ready for binding a transition metal or tor other 

30 reactions. 

As mentioned above, the solution according to the invention can be used for heterogeniration ol calalysu. The 
invention ie particular^ wel suited for the preparation of olefin catalysu. Within.the context o< py^M ctt inven tion 
the term •heterogenization^ ie used to refer to the isolation and stabilization c4 catalyticaify active metal c«npounds 
which are usually unstable tfi the homogeneous phase, by bonding a spacer conrip^ 
3S which is compatible with the precursor of the catalyst to the surface of an inorganic oxide (e.g., SiCy,AyD» TOj. ZiQa) 

However, the cyctopentadienyl surface according to the invention can also be used lor cycloaddition reacttons d 
the Diels-AWer type, whereby a carboxylic anhydride surface may be formed from the cycto pentad ienyl surface by 
reactrg a maleic ack* anhydride with the surface at a tow temperature, The next step may comprie e faact> >g the 
anhydride surface with water, thus allowing for the tormation c« a dicarboxytic acid surface capable otf beiding metal 
40 atoTTw from water or other poiarand^oraganic solvents. , _ . 

The solution according to the irventton may be used to prepare even other functtonal surfaces. Thus, a teohoti j - 
Ony or ether (OCH, tat -OCHjCH^) surfaces can be prepared on a silioon oxtoe surface by using organic dialcohole, 
or conespondingly. alcohot etf>ers. preferably at a high reactton temperature (> 200 *C). 

The reagents have the general formula V) 

45 

HO-R*OR^ (VI) 



50 

R» represents a -{CH2)ii group Where k is an integer! to 4. and 

R7 is a hydrogen atom or wialfcyl group (•fl^),«*»ereR« has the sarm enacting as above. 

The present invention is well suited for the preparation of an alcohol surface because, e.g.. the number of atoohottc 
OH groups is yeater than f ,5 OH groupsMma in the case of porous silicon oxide havir>g a great surface area when 
ethylene glycol HOCHaCHjOH m used as the reacting alcohol. II has unexpecledly been found that «^ the above 
reactton ie carried out at surface bond selective conditions at ♦300*C. al groupe except the internal SK3H groupe wiU 
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disappear Uom the silicon oxide surfaee which has been heat treated at 600 'C for 16 hours prior to the reaeten. When 
a primary alcohol such as ethanol is used instead ot eihylene glycol, separate Si-OH groups are vistele in the FT-IR 
spectrum, as in the case ol the origiial hMt treated silicon oxide Similarty. a carton analysis shows that the ethanol 
treated silicon oxide contains less eart»n atoms by hall per nm* wtien compared to ethylene glycol. 

5 Correspondingly, an ether surface may be produced by using, e g., 2-methoxy ethanol (CHjQCHjCHjOH) or 

2-ethoxy ethanol (CKjCHjOCHjCHjOH) instead d ethylene glycol.. Organic phenyl surlaces may be produced by 
using phenyl triethoxy silane. whereby R* in Formula I represents a phenylene group and the surlace bonding sues 
are provided by the cyclic carbon atoms ol the phenylene ring. At wish, lunciional groups may be bonded to the phenyl 
surfaces, such as an alcohol (ROM), ether (RO-R). haWe (R-X), aWehyde (RCHO). ketone (^CO^ caiboxyl. ac« 

to (R-COJ^). earboxylic acid anhydride (MO^. dicart)oxy«c acid (HOOC-fl^OOH). aster (H-COOjR). amxje (R- 
CONV^ aminine(fl-NHj).nitro corT*und(H-NO,).nltnie(RC=N)orthiola(R.SH). R stands lor a hydrocarbon group 

The f unctional groups c»ed may ali) be bonded to the phenyl rMflwH. 

The term 'surtace^wnd site* refers to a functional group on the support surface capable ol reactng with the tran- 
sition metal or a coir^nd thereof. The present invention makes particular usa c« the reaction ol such a unctxjnal 

.5 group with a group havrg the fomtula -AR* J<,»„,. Generally, the surface^wnd she is ^''^^^^^^^^^'^ 

a metal-oxygen-metal bridge, whereby the reaction between the above-mentioned groups provKles on the support 
surface a molecular atruciorerepresamed by the formula •A(H»„)X(j.„)0-metal atom. 

The invention offers signiticam benefrts. Thus, it has been found mat in the polymeri^^ 
in which a transition rT>etal compound is bonded toa support surtaca carrying a diwte-ring stnjctura wheh •P'*P«»o 

» according to the invention, together wHh a methyialuminium oxane (MAO) eocatalyst. the pdyethene product thus 
obtained has a sutlfciently high molecular weight (M. » t Op 000) for commercial applications and also has a narrow 
molecular wei^t distribution (M^ < 3) Such a nanow molecular weight distribution cannot be attained by rneane 
ol conventional heterogeneous Ziegler-Natta catalysis such as CrOySO, or TiCU^IgCIa catalysts without a markedly 

«s '^'^SSla^!!2cesacco.dingtothe inv«^^^ 

metalsurlaceboundtotheluncticnalsuriace. such as zirconium matalboundtoeyctopentad»newrtho^ 

ol the hydroxyl groups of the original surface with the bound metal, because essentially al surface *^ 
t»^,o^Ji^B,. reacted W*)g the reaction betwewi an inocgank: mm and a bridging agent under surtace- 
bond selective co»>ditions. ^. 

30 This is illustrated by the exanvles according to Ihe invention. Inorganic hydroxyls are present n a large amoun 

when the same reactk»i is carried out in dissolved phase by hydrolyzing a silane alkoxy compound by a eonventwial 
method Irel. G. L. Witucki. J. Coat. Technol. fig (1993) SJ]. Moreover, the tunctkxMlizatwn may be camed ou^ « one 
siep acMrting to the present invention, and after the reaction, the product may be used directly or P"'^^^^ 
without arduous washiig and drying steps. The process-related advantage provktod by the .iventon and its ellect on 

3S the product are illustrated in Figs. 1 and 2. _^ . ^ . ...m^ in» 

Funherrmxe, functkjnal surfaces may be employed for simple production of prgan« surfaces suited lor chrorr^ 
tographic applications r one or several process steps, wherea. conv«,t«n.l solution '•f'^"'*^'*^** "^'l^ll^ 
tir^-consuming so^/ent washing and drying «ep. and separatkxt openitKm between me ^'"•'«« " 
well as r many cases methods carrM out under pressure. > a similar result . an-d « " " '^J^'^ 

40 the process of me inventksn. At the same time, me product has a mnimal amount ol surface hydioxyl VW««.o< 
inorganc acid w,m a detrimental effect on chromatogiaphic separation, whereby mese groups require Wccl^g by 
mea^s ol a separate reactior. when a conventonal sokAon technique is used. Chrematographe applications n gas 

*^ '"^n mSS^iil mJi^tan is examined in greater detail by usir^ modified supports suitsd for me P^^^ 
45 of procatalysts as exartplee. Omer functional surfaces may be provWed in an anakjgous manner. The rvenlon is 
illustrated by tha annexed drawings «merein 



Figure 1 is a echen-tk: dtayam ol me bonding proceas of a««xy Silane to a subrtrate^ 
Figure2iaa8ehemrtlcdUvw'0imeba.dingp«xesaolalko«yslanetoasubatrateundereurface^x^^ 

^iTS«w. « FT-IR spectn«« 1 relatk^ to m. ra^rtion d siBcon oxki. at -C ^^jf^JCH^^ 
Fijure 4 Show, an FT-lfl sp«*um 2. i^atlng to m. raactk« c« a cydoparrta*^ 

Ti^l'eTs^i^i^mR sp«rtn«t 31 ralatkig to m. reacts 

ss Si-OH groups not leaving me siSeonoxUe surface. „ .i*. -t ...'»o 'C ssa. 

Figure6showaanFT-IRspectr«n4.rel8tingto«»rMcliondemyleneglycdwim«^ C.««i. 

me ShOH groups leaving the siSeoroxkJe surface. K-„„„,^o,fino»c 
Figure 7 sliwaan FT-IR spectnjm 5. presenting me IR spectn»n of a sihcon oxxte surface heat treated at 600 C 
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fof 16 hours. 

Figure 8 shows an FT-IR spectrum 6. .relating to the reaction ol 2.2-dimethyl propane diol with siJicon oxide, the 
Si-OH groups leaving the silicon oxide surface and the OH peaK of the isolated organic alcohol emerging, and 
Figure 9 shows an FT-tR spectrum 7, relatr>g to the reaction of 2-ethy^, 2*butyt propane diot at 350 *C with a 
s siticon oxide surlace. the SiOH groups leaving the silicon oxide surtace and the OH peak of the isolated organic 

alcohol emerging. 

In the appended drawings, reler here to Figs. 1 and 2. are shown the diagrammatic steps ol methods for catalyst 
preparation h liqutd phase and ^ phase. respectiveV The diagram of Fig. 1 is based on the preparation technique 
'0 described by mucki (G L Witucki. J. Coat. Technol. fiS (1993) 57], while the method according to the invention is 
illustrated r Fig 2. As is evk»ent trom thei diagrams, the technique disclosed by Witucki requires three diflerent reactions 
for bonding the alkoxy silanes to the support surface. By contrast, the present invention makes it possible to perform 
the bonding of the cyctopentadienyl silane compound or an equivalent helerogenizing compound to an inorganic ma- 
terial surface in a single step by reacting said compound with the hydroxyl groups and siloxane bridges ol the surface 
IS in gas phase as is described later in conjunction with the example using silica as the support The thus synthesi2ed 
surtace structure can be utilized directly for attaching sakj transitkxi metal compounds by a co\'alent bond to the support 
surface, tsto sotvents or drying steps are required in the preparation of the cyctopentadienyl surface structure. 

According to a preferred embodiment of the inventon. the preparation of the catalyst comprises the foflowing steps: 
1 ) Pretreatment of the oxide support 2) evaporatksn of the surface treatment reagent(s) and attachment thereof to the 
io support surface in order to prepare a modified support 3) attachment of transition metal to the surface of the modified 
support, and 4) optional treatment of the catalyst with organic alunrwium compounds. Steps 1 - 3 are also illustrated 
in Fig. 2, wherein the attachment of an ethoirysilane compour>d to a silica support is elucklated. 

Purging with an inert gas can be performed between steps 2 and 3 as well as between steps 3 and 4 w^en desired. 

According to the present mention. aU reagenu for steps 1 and 2 are taken into the reaction chamber in vapour 
phase, typically one component at a time 

In the first step of the method, the support can be subjected to a pretreatment at elevated temperatures prior to 
the actual bonding reaction. The support is most advantageously silicon dioxide, ahiminium oxide, silicon dioocide- 
aluminium oxide, magnesium oxide, magnesium silicate, titanium oxkje or zirconium cocide. Such a heat treatment can 
be used to modify the number and nature of OH groups, and thereby, the amount of metal compounds bonded to the 
30 support surtace. The maximum terrperature applicable during the pretreatment of sUicon doxide supports is about 900 
•C. while aluminium oxide is advantageously pretreated at a maximum temperature o< 800 to 900 'C. In Fig. 2. the 
typical pretreatment temperature of silica is cited as 600 *C. 

The number of OH groups is reduced by subjecting the support to an elevated pretreatment temperature. The 
(Oration of the heat pretreatment is 1 to 40 hours, preferabfy 2 to 24 hours. 
35 Instead of heat treatment, or in addition thereto, the support can also be pretreated by contacting the support with 

suitable compounds capable of modifying the support surface in an advantageous manner Thus, a silicon dioxide 
support can be treated with an alurrwnium compound. By reacting aluminium chtoride and water vapour with silicon 
dioxide, an AiP) layer can be formed, as described in Fl Pat. No. 84562. 

As is evident from the diagram, after the pretreatment the support surtace has l¥« types ol groups capable d 
40 acting as surtace-bond sites, namely, hydroxyt groups and sHoxane bridgee. 

In the next step of the method, the evaporated heterogenizing or surface treatment reagent is chenworbed onto 
the support surtace by contacting the reagent vapours with the surtace. By virtue d the direct gas-solid substance 
reactcn, no solvents or washing of the product are needed in the process. The vapour pressure ol the evaporated 
compound is martained sufficientty high and the time of interactton sufficientty tong during the process so that an the 
45 surtace-bond sitae on the support material will be saturated, or alteratively supersaturated, with the catalyticalty active 
component or m precursor thereof. The excess amount of the active component used in the process as compared to 
the minrnum concentration required for complete saturatton of alt available surface-bond sites on the support surface 
is typicaBy t to lOO-foW, preferabfy 1 to 3-fo*d. The amount of the heterogenizng compound required for forming a 
rnonoteyer be cofT^ed wim the help of the BET rnethod from the surface area and kno^ 

50 the suppoft 

According lo a praferred embodinrwit, the raactkan temperature may not (alt betow the minimum tamperature re- 
quired for the evaporation of the rea9ert;othen(wseconden8atk« of the reagertf will occur Be«^ 
not undergo condensatton at arry point atong its path into the reaction space. For these reasons, the reagent temper- 
ature must not drop betow the reactton temperature. The heterogenizing compound and the operating temperature 
55 shall be selected such that decorrposition of the n>etal compound and pokMe condensatton ol ru decofT^oeitksn 
products is avoided. 

As is evident from Fig. 2, the second step of the method is carried out with an ethojcysilane cooipound preferably 
at about 50 ■ 400 'C. and in fact, this temperature range is suitable for most alkoocysilane compounds. The lower limit 
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Of Cited temperature range is detertTiinwJ by the cooder^Mtkjo temperature ot the alkoxystene to be evapora ed at the 
preesure u«d <he activation energy required tor the lom«t«n o( a desired surtaee bond. The upper lunrt a tteter- 
mned by the lempwature at -hieft the heterogenizmg cori>pound starts to decompose, or aftematrrelyihe other func- 
tional group ot the compound. v*ich is intended to remart free, begins to react with the support surfaoe 

TlSi^Lion of thecatalytically active materialor compounds thereof and the support«carn^ 
pressure, or preferab^ at an eUivated pressure. However, the reaction is most «»*«n.ageou|tly earned out « apama^ 
vacuum. The worl^ingpressureot the method is typicalVO.01 - 1° ^Pa. advantageously about 0.01 -10 MPaR««e 
Z- posttreatmi« steps are most advant.g«M;.ly perform*! in a panal vacuum Jh. ga-n '^^^^^^ 
«cuum l^s therein that the r««:tion space stays cleaner and the diffusion spMd » 

nol particularty critical with the provision that it is extended so long as to p.m«l the evaporated reagent ««> «teract w«h 
S wrtace-bond sites of the support. Hence, the reaction time can be varied, e.g.. « the nnga 0 5 - 25 h. wh.le a 
reaction time of 1- 10 histypicalV used forthetreatmentola 5 -20gbatchofsupportmatenal. 

■Z evaporat^l heterogeniziri compound can be introduced into the r«Ktion space a. such, or aHwnaUveV. wrth 
me h^jnri^rtcarrierlJ. nitrogen or.noble gas. Most advantag^^^^ 
and the same r<ert gas is employed as the carrier gas of the evaporated transition metal epecies. 

2re"7J^u?U^ rSlicr,. all --acted WeHreatment reag^n^em^^^^ 
well as the side-products of the reacti<»> between the reagent and the support (e.g.. those formed between HCI and 
Te aginte rS^ues of me reagent). Accordihgy nrtrogen-gas purging is pertormed a. r««tion Ujmperatur. «.b.e- 
ouent to the chemisorption reaction in order to remove me unreacted reagent and the released HCI. 

lit » Sr3ied support surtaee. or more accurately, to me furKtior«l group of ma heterogwittrg reag^^t • 
ana^S a^rSTsmon me,a!lS2S^. The transition metal is attached to me support by ^tr-i-^Vl^S: 
compound of the lonnula H^HaU or LMHal^ where Mi. a transition metal such ajjT^. Zror H^ " 
is a greup contain^g a diene-ring structure, to react wim an inorganic oxide support mod1^ed by a compound having 
me I^^So^of ftmula I. in a transition metal compound wim m. LMHal, compoeition, L i. mo« fvantag^u-y 
J^^ySSad^l group, or altemativev. a penta-. letra^ tri., * 

According to an advantageous err^odiment. me transition metal compound is a tetramelhyl cyclopentadienyl, n- 
butyl cyctapentadienyt or l^HJtyl cyclopentadienyl compound of the '«2*^^'!L«^.^i„. ««««« wherebv 

T^euawnion metal corrpound can be attached to me support under sutlace-bond-seleclive 
me J^rLxlitions arSust-l as deecrib*! ab<.e. The atja^t 

support surface under surtace-bond-selective conditton. is deecnbed. e.». « Fl Pat. Nos. 84608. 84609. 95276 and 

" "MerriSr^^SSion metal eon^und can be attached using a conventional <^''^^':;^;^J^ 
me nMd support • slurri^l intoa suHabla solvenl. into which me transition metal compound -added, "nte product 
is separated by fitttation. lollowed by washing. ^ «.-^.fc«.«», 

^er the Mtalytically active compound, of the transition metal have be«i attached to me support, me eataly« can 

be modified it can be preactivated by adding conventional organometal compounds. 

^^el catalyst prepared by L memod d.«^ herein is capable of catalyzirig me ^r^^^^J^ 
zationt^Jlene LorSg to an embodiment these catalyst, can catalyze m. polymwtzatwn c* emylw^a r ga. 
pUZ ?. ^LT^^ Of at least 2000 KPa reeulting in a pofyemyl*.. grade ^ a narrow molacular weK^ 
distribution, whereby me pofydieperrty index i. maximally 5. advantageously smaller man 3. 
The foitowing worliing examples iflustfate me invention: 
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Example 1 

Prapwatien d a oyolopentadlene surtaee under eurfaee bor»d eeieetlve eondlttona 

in m. follow*,* *.pc.p«n«ta,o»artrcoooceneprocataly.l and meuMrt^ 
.ri»tinn wil h> ctaLrtted. Tbe preparation of the procatalyst oomprisee two stepe: The firal step • formed by a iraa- 
mS^a rti^^SStS^^ «rtac.^»nd.s.l.ctive condfUiXj. «ord^ 

IwrtL from «Ud eyclopantadlenyf cwipound The cocatalyst used in ^ 

Preparation c4 support 
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Cp(CH,),Si(OEt)i. evaporated at ♦100 'C. MS introduced wo the reaction chamber M,r,g JL*'^' 9f 

Si ,e^.'Jchani«r t^vmg beer, brought to a ^200 -C operates temperature. The pressure was 0 028 MPa and the 
■ MS eort^ (Of 2 h. after which tim. the thus treated suppon was purged with a pure nitrogen gas tlow lor 

iTrtle product th-is Obtained contained 6.9 wi.% carbon. The IR spectrum d the product is shown in Figure 3. 

5 

Pfflparation of procatatyst 

Theobtain«Jmodifiedsilica(2.5galiquot)w8.suspended»,50mlo.THF««t^^ 
aoitated wetniaht at loom temperature. Then, the solid matter was separated and washed three »«f'_TH^The 

CpZrCl,. dissolved in THF was added dropwise into the suspensco a nrtrogen ^''^^^.^l.L"'^^/*" 
vigorously agitated overnight at room temperature, after which the sold substance was separated and '-a*^ 
X» rrt THF and once^ 30 ml diethyl ether and dried in a vacuum. Fir«lly the product was dned m a vacuum at 
!S-cSeW^rUShad.c«Jyyeltowcoiour.ResuHsl^^ 
15 as Wlows: Zr 3.0 wt.-% and C1 1.1 wt.-%. 

Preparation d reterence catalyst 

The reference catalyst wasahomog^iousCpZfClstoluene solution, prepared by d^^^^ 
ml desiccated toluene at room temperature. This solutcn was then used as the catalyst n the reference polymenzatcn 
test. 

Ethene oolvmerization 

Ethene homooolymefization was caried out in a reactor of ii volume. The heptane medium J^O 9) •«» 
first feTe^ed^3?^u^Lj reactor, after Which the M/« (^^^^ 

Se Sn*^Si»Te reactor was released a 12 8 mg batch of a procatalyst dispersal in tolu«,e, ^ amount 
^^r.^S^ to4 21 X 'o^ Zr. The actual polymeriiation was begun by releasing ethene »,tothe reactor. As the 
.^e^ was comn3»«»ed mto the reactor during the entire polymen«««n pr«^ 
^e^SS condition, were as follow.: teniperature 80 -C. pr—ure 2.5 bar, polymeratf oUjm. 0.5 h^ 
(MaS^S "to^Pofymeruation was le.mna.ed by ctoeing the eth*,. infeed valvejhe P*-^"-; 
iSwaTSer^ dr«d andligh-.. The actMty of .hi cataly« wa. 797 g/g cat/h. corraepondw^g to 2422 g PE/ 

SJem^ation of th. poly«h«>. p«Jucl molecubr weight by the GPC method 9^^'^^"''^ ^ = 
^ 000 Q/moi lA. - 11 9 000 9*noi. and the molecular weight distribution expressed as MJM^ was 2.48 

•^e';^m;i;!irw2^*.tribuil^ of the product made using the cataly« according to the nventon « a 
explicit indeation of the hi^ «idac. homog«ierty cl the catalyst accordinB Wthe .b«««i but bv u*na 

The r.ter«xe cataly^ wa. also used for poNmerization whch wa. ^^^^J^, 
4 19X ia«mol2r; 5.1 g of pofymertzrtion product was obtained, whch corresponds to m activity of "93^P«^'^«'' 

mif irDet.m.naJ Of ZJI^ttrylen. produ^ 

M - flS 000 Q^mo* yL = 23a000 o/mol. and the moJacular weight dwlributon ©xprtftead as Mj^n was ^. / J. 

a great rjact «t the actMty ol the prepared cata»yst because the catatyst acoordng to the rweni«n has a x>mo4c^ 
activity compared to homogeoeoue catalyst systems. 

Example 2 

Prvparetlon of funetSonal eurlme: 
Jh» •^•jrfT^ evaporatkwand reaction t^nperature. as well asnitrogenpurg«g 

tCXirSST-S!;^ 

out in an inert nitrogen atmosphere. 
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Based on tht cwton anaryMS oT Exampla 2 and ref erefx:a exampla 2 and by comparing spectia X 4 and 5 (Figures 
5 to 7) « can b. nolic.) tt»t ethane, doaa n« reoK^^e all i«-ated SWH hydra^^ 
will ethylene ^ywl at the «WT» reaction tanperature. By means oJ the 
Dos*b»esfcT»ly to eonwe*tS»-OH entirely to a surface o< the type -CHyOH. 
^SStpSIL,f«« the IR analyse Of the «irfacetr«ited with ethyto^ 
,h8t^,h.l5««>.p«lr«T,in.he^ 

at said <«ve nunib«» and the iscwed SK^H peak « w»« nurnbef W47 OTV' has ooriv^ 

; S?eh«nical r««tkx, between th. 9B. and m. «.r1ac. JO omer *««^ 

inv««ion i. i. pcesibla to conv«t an horganic surlaca to "J^ JL^^ 

wahrgs steps and anartiwmtient steps neceseary in o«h« rnethode. The eaiTW phenomenon ca^^ 

3^ wrt^ as 4a and 4b whera^ silica has been treated in gw 
sltS^ 1 SS^dS sp^tra 6 and 7 (Figs. 8 and 9). on^ the hydroxyl ^^^r^ 

rkShoTaT^i^^^ emJ lnthecasec«2.2<»nethy^l.3^>ropanediolandatw8yen«rb«3^^ htha 
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in the preparation of organic chromatographic surfaces is of advantage in the process ol the mention. 

Suflace-bonded hydrocarbon-substituted propane diois which at the same tjme are particuiarly s:able as regards 
the impaci of ^ier and iwhich through their organc ataohol group recKJer The tormation csl hydrogen bonds possible 
between chromatographicany sepmted rtwlecules provide a new range of application for the method according to the 
invention as an industrial manufacturrig process due to the above advantages, and not just as a possible novel material 
suited for chromatography. 

a is evident that the method according to the invention can be extensrvefy applied m the case o( 



- diols according to Examples 6 and 7, 

. ether alcohols according to Examples 8 and 9 for the preparation o< organic ether surfaces, 
. phenol-type ateohote wherein the phenyl ring contains a halogen substituent in oftho- or meta^ition. 
. silicon corr^nds according to Examples 1 0 and 11 containing one or more phenyl rings which may even contan 
a halogen substituent n ortho- or metaposition in regard to the silicon atom. Halogen-lree as weW as halogen- 
containing phenyl ring surfaces can be functionalized in accordance with the applicatcn. lor rstance. hatogan- 
free phenyl ring surfaces can be functionalized with organic alkali metal compounds such as butyl or methyl lithium 

Example 1 2 is a further application ol the cyckspantadienyl surface of Example 1 (spectrum 1 ; Fig. 3). By means 
of the process of the invention, the obtained cyctopsntadieny! surface can be transformed further to a pan of or ^ 
entire carboxylic anhydride surface by the Diel^-AkJer reaction, as will emerge from the IR spectmm 2. In spectrum 2. 
the cartonyl peak of the carboxylic anhydride is visible at wave number 1 789 crrr ' . provrg that different compounds 
sub»ecf ed to the Diels-AWer reaction with monosubstituted cyctopentadiene are of particular advantage m the further 
development of the surface toward practical applications. 

It will be obvious for one versed in the art that the carboxylic anhydride surface can fairty easily be transformed 
into a dicarboxylic anhydride surface by treating the anhydride surface either with an aqueous solution or with humid 
gas Of the practical applteations of a dicartwylic acid surface, the special capabUity of forming chelates with metal 
ions may be mentkjned. whereby this capability may render possible the extraction of different kinds of metal ions from 
aqueous solutions. 

It will emerge from reference example 2 that ethanol does not rerrwe all o< the Si-OH hydroxy! groups, as does 
ethylene glyco* at the s»ne reaction temperature (cf . spectra 3, 4 and 5; Figs. 5 to 7). 



Claims 



A solid-phase surface structure, comprising 

- functional groups on the surface of a substrate, said groups forming surface binding sites to which the species 
of gas or liquid phase reactanl is at least temporarily bound due to interaction between said species and said 
functional group during a chenrttcal reaction. 



cheraetert»d in that 

- essentially an functiorwl groups are attached to the substrate via a bridging group attached to surface atoms 
of the subfttrate. 

said surface bindr>g sites betf>g so far from the surface of said substrate that the surface of said substrate does 
not have »vy sigwffcant influence on said interaction between said surface binding sKes and said raactant spociee. 

i The surtace strudure acooiding to claim 1, wherein essentially all hydroxyt groupe of an inorganic surface have 
reacted tfxtor surteca bond selacthw oonditione. 

3. The surface structure according to daim 1 or 2. wherein the bridging group comprises a Unear. branched or cycle 
hydrocarbon group possibly containif>g at least arte heteroetofn. 

4. The surface simcture accordf^g to arty one of claims 1 to 3. wherein the bridging group comprises an alkylene or 
arylene group which possibly contains at least one heteroatom. 

5. The surtace stnidure accortSng to clarn 2. 3 or 4. ^Nherern the heteroatom is oxygen, nitrogen, su^phui; phosphorus. 

silteon, tin. or germanium. 
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6. The surtace structure according to any one of the previous ciaims. \wherein the bridging group is bound to the 
surface atoms ol the substrate via silicon, tin. germanium or carbon. 

7. The surface structure according to claim 6. <i#>erein the substrate comprises an inorganic oxide, characterized in 
that the surface binding sites are attached to the surtace via a group according to formula 



or forrrHjIa Vb 



■R*AH»„X«„.„= (Vb) 



Wherein 
m is an integer 0, 1 or 2. 

X* is the residue of a hydrotyzed group which has reacted with the hydroj^r groups or metat-oxygen-melal-bndges 

ol the inorganic oxide. 
R2 is a tower alkyi group or a hydrogen atom, and 
R* is a group •(CHj)^-. wherein k is an integer 1 to 4. or an aryfene group. 

a The surtace svucture according to claim 7. wherein the surface binding sites are cyctopentadienyl groups, whereby 
in formuias Vb or NA). re»pective»y. R* stands for an alkylene group. 

9. The surface suucture accordrig to claim 7, wherein the surface binding sites compriee carboocylic anhydride groupe 
or catafyiically active metals or compounds thereo< attached to the group R* via a cyctopentadienyl group. 

10. The surface stojcture accordiig to ciaim 7. wherein R* represents a phenyleoe group and the surface binding sites 
a fomied by the ring carbon atonw of the phenylene ring. 

11 A process for preparrg a solid-phase surface «ta«rture comprising a substrate containing surface binding sites 
for carrying out chemical reactions during which a gas or liquid phase reactant spedee is at least temporarily bound 
to said binding sites of said the substrate due to interaction between said sites and said species, 
charecterlxed by 

reacting the substrate with a compound of formula (I) 

R^AX^ 0) 



M^erein 

A it siHoon. tin, germenium or carbon, 
Ri is a hydrocarbon group and 
is a functional group, and 

. carrying out the raedion behwan the substrate and the compound according to fomiuta I under surface bond 
salactfve condUona. 

12. The procasa according to claim 11, wherein a compound of formula (II) ia used 

X^R^AX^ 0») 



wherein 
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X' and can be the same or different and they represent a functional group, and 
Ri and A have the same meaning as m claim 1 1 

13. The process accordrg to claim 11 of 12. wherein )0 and independentJy stand for a hydroxy, alkoxy. halide. 
aWehyde, ketone, carboxylic acid, carboxyiic anhydride, dicarboxyiic acid, ester, amide, amine, nrtro. nrtnle or thiol 
group, and means a ring group containing a double or triple bond. 

14. The process according to claim 11 or 12. wherein the substrate is rwcted with a compound of formula (V) 

X^R^AR^x't^, (V) 



wherein 



IS A. and have the same meaning as above, 

R2 is a hydrogen atom or a lower alkyI group, 

X3 is a hydfolyzing group which reacts wrth the suftece atoms d the substrate and 

m is an integer 0. 1 or 2. 

20 15 The process according to claim 14. wherein in the compound according to formula V the residue V? is selected 
* from the group consisting ol alkyl (-R5). alkoxy (OR*), carboxylic acki «XX;R»). amine (-NR^J or chtonne (^1). 
wherein represents an alifatic hydrocaitxjn chain having 1 to 10 carbon atoms. 

16 The process according to claim 14 or 15, wherein group in fomiula V stands for a group ^♦^eh is capable of 
25 binding transition metals or compounds thereof and R^ represents a group -(CHj^-. wherer k » an viteger from 

1 to 4. 

17. The process accordtfig to claim 16. wherein X^ represents a cyclic cfiene stn«ture. in particular a cydopentadiene 

group, an indenyl group or a ftuorene group. 

18, The process according to claim 12. wherein the substrate is reacted with a compound d formula VI 
wherein 

Pfi represents a group HCHj^-, wherein k is an integer from 1 to 4. and 
R7 is a hydrogen atom or an alkyl group (-«*). wherein R« has the same meaning at above. 

19 The use of a functional surface prepared according to any one of claime 1 to 10 or a functional surface prepared 
according to any one d ctofns 11 to 18 as a support for catatysts or procataV»t» or for chromatographic applca- 

tiorm. 
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Hydrolysis 



"2° 3 EtOH 



RSi(OHL 



Condensation 2 RSi(0H)3 



Hydrogen 
bonding 



R R R 

I I I 
HO-Si-O-Si-O-Si-OH 

I ' ku 
OH OH OH 

+ 

OH OH OH 



I 



Substrate 



R R R 

1 i I 

HO-Si-O-Si-O-Si-OH 

a o o 



Bond formation 



2 HjO 



R R R 

I i 1 
HO-Si-O-SI-O-SI-OH 




Rg. 1 



liqnid-solid 
interactions 
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Functional surfaces for chemical reactions and process for the preparation thereof 



(57) The invention concerns a solid phase surface 
structure and a process lor preparing such a strxicture. 
The surface structure comprises functional groups on 
the surface of a substtrate. The species of a reactant fed 
in gas or liquid phase is bound at teast temporarily to 
said groups due to the interaction between said species 
arKJ said furKtiooal group during a chemical reaction. 
According to the invention essentially all of the function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrale. the 
surface binding sites being so tar from the surface c< the 
substrate that the surface of the substrata does not have 
any siyiificant influence on the jnteraction between the 
surface binding sites and the reactant species. The 
f unctiof^iized surface stnjctures can be provided by re- 
acting an inorganic cotide support with a compound or 



formula (I) 



R^AX^ 



(0 



wherein A is silicon, tin, germanium or carbon, is a 
hydrocarbon group and is a functional group. The re- 
action between the support and the compound ol for- 
mula I is carried out under surface bond selective con- 
ditions and the reaction is continued until eseentiatly all 
of the hydroxy! groupe of the inorganic surface have re- 
acted under surface bond setective conditions. By 
means of the invention functionalized surfaces are pro- 
vided which can be used for chromatographic applica- 
tions and as catalyst supports. 
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